The orbital period of the short-period eclipsing binary DM Del was analyzed by using two newly determined eclipse times together with the others compiled from the literature. It has been discovered that the period shows a long-time continuous decrease at a rate of dP =dt = 2.27 10 7 d yr 1 , while it undergoes a cyclic variation with a period of 31.73 years. Meanwhile, photometric light curves of a close binary in the B and V bands, published by Güdür et al., were analyzed with the 2003 version of the W-D code. It was found that the system is a semi-detached binary with a lobe-filling primary and a mass ratio of q = 0.55. The long-time period decrease can be explained by mass transfer from the primary to the secondary. This is consistent with the semi-detached configuration. The geometrical structure of the binary and the long-term period decrease suggest that DM Del may be a progenitor of an overcontact binary or just in a broken-contact stage predicted by thermal relaxation oscillations. A cyclic period change reveals the presence of a tertiary unseen companion that may play an important role in the formation of the close binary by removing angular momentum from the central system.
Introduction
The light variability of DM Del was discovered by Hoffmeister (1935) , and it was classified as an Algol-type eclipsing binary. Based on his visual data, Tsesevich (1954) determined the following light elements:
which was later revised by Perova (1952) as
This ephemeris was confirmed by Ishchenko and Leubovich (1955) , who classified the system as aˇLyr type. The first photoelectric light curve in one color was published and analyzed by Schneller (1960) . Then, photoelectric times of the light minimum were published by several authors (e.g., Diethelm 1980; Pohl et al. 1983; Güdür et al. 1984; Pohl et al. 1985; Hanžl 1990; Agerer & Hübscher 1999; Manimanis & Niarchos 2002, hereafter MN02; Maciejewski & Karska 2004) . By using their seven eclipse times combined with others compiled from the literature, Güdür et al. (1984) 
Also, the first detailed study of the period change of DM Del was done by Zasche et al. (2009) . They pointed out that the oscillation in the O C diagram indicates the presence of a third body that orbits the eclipsing binary in an eccentric orbit of eccentricity e = 0.8. Photometric parameters of DM Del have been obtained by a few authors (e.g., Schneller 1960; Güdür et al. 1987, hereafter G87; MN02) . Photometric solutions were firstly obtained by Schneller (1960) using methods of Russell-Merrill and Kopal. Later, G87 analyzed their photometric data in the B and V bands with the Wilson-Devinney code (Wilson & Devinney 1971) . While finding the solutions, they derived a contact configuration. However, the temperature difference between both components is very large, up to 3500 K, which is difficult to understand. The light curves published by MN02 are asymmetric, and the unperturbed part of the light curve was used to determine the photometric elements of the system, while the perturbed part of the light curve was explained by dark spots on the photospheric surface of the G8-type component. Their solutions indicated that DM Del is a semidetached near-contact binary in which the secondary component is filling the critical Roche lobe, while the primary one is detached. While obtaining their solutions, the observations were averaged into 100 points; they used the solutions of G87 as a starting set of the input parameters. However, as aforementioned, the photometric solutions of G87 may be unimpressive. Detailed photometric solutions are required for this system.
Orbital Period Changes for DM Del
All available times of the light minimum published before 2001 were compiled by Kreiner et al. (2001) . The times of the light minimum recently obtained by MN02, Maciejewski and Karska (2004) , Brát et al. (2007) , Kiliçoǧlu et al. (2007) , and Zasche et al. (2009) suggest that the O C s decrease continuously. Two times for the light minima (3) is shown in figure 1 , where the open circles refer to photographic and visual observations, and the solid dots to photoelectric and CCD data. By considering a continuous period decrease and using weights 1 to visual or photographic data and 20 to CCD or photoelectric observations, a weighted least-squares solution yields the following quadratic ephemeris: While solving equation (4), one eclipse time, HJD 2450717.3117, published by Agerer et al. (1999) , was not used, and is not included in figure 1. Its .O C / 1 value shows a large scatter when compared with the general trend formed by the other data. The quadratic term in this equation reveals a longtime period decrease at a rate of dP =dt = 2.27(˙0.68) 10 7 d yr 1 , which corresponds to a period decrease of 1.96 s per century.
The .O C / 2 values with respect to equation (4) are plotted in the upper panel of figure 2. This figure shows that the quadratic ephemeris is inadequate for describing the behavior of the period change. We applied the hypothesis of an orbiting the system around the common center of mass with a third companion, the so-called light-time effect, see e.g., Irwin (1952) . This approach was used in our programme, which is based on a least-squares method with the Levenberg-Marquardt method. figure 2 , a variation with a period about 31.73 years is clearly visible. All of the relevant parameters (the orbital period p 3 , the periastron passage T 0 , the eccentricity e, the argument of periastron !, and the semiamplitude of the effect A), which define the theoretical fit on the upper panel of figure 2, are presented in the upper panel of table 2. The residuals from the quadratic and the cyclic variation are displayed in the lower panel of figure 2.
Photometric Solutions of DM Del
The light curves published by G87 are symmetric, and show a total eclipse, which are very useful to determine the photometric parameters to a high precision. In order to understand the evolutionary state and geometric structure of the binary system, we intend to reanalyze these light curves with the 2003 version of the W-D code (Wilson & Van Hamme 2003) .
Since the mass ratios derived by G87 and MN02 may be not reliable, a q-search method was used to determine the mass ratio of DM Del. The same value of temperature for star 1 (star eclipsed at primary light minimum) as that used by G87 and MN02 (T 1 = 8770 K) was chosen. The bolometric albedo, A 1 = 1.0 and A 2 = 0.5 (Ruciński 1969) , and the values of the gravity-darkening coefficients, g 1 = 1.0 and g 2 = 0.32 (Lucy 1967) , were used, which correspond to the radiative and convective envelopes of the primary and secondary components, respectively. The limb-darkening coefficients, 0.604 in B and 0.555 in V , for the primary and 0.836 in B and 0.749 in V for the secondary were used according to Claret and Giménez (1990) . The adjustable parameters are: the orbital inclination, i ; the mean temperature of star 2, T 2 ; the monochromatic luminosity of star 1, L 1B and L 1V ; and the dimensionless potential of both components (Ω 1 and Ω 2 ). Solutions were obtained for several values of q = 0.3, 0.4, 0.5, 0.6, 0.7, and 0.8. The relation between the resulting sum, Σ, of the weighted square deviations and q is plotted in figure 3 . The minimum of Σ was derived at q = 0.5. Therefore, we also made q an adjustable parameter, and chose its initial value to be 0.5. We then performed a differential correction until it converged, and thus the final solutions were derived.
The photometric solutions are listed in table 3, and the theoretical light curves computed with those photometric elements are displayed in figure 4. Our solutions reveal that DM Del is a semi-detached near-contact binary where the primary is filling the critical Roche lobe, while the secondary is detached. The geometrical structures at phases 0.0, 0.25, 0.5, and 0.75 are shown in figure 5. 0.749 assumed We analyzed the observations obtained by G87, but our solution is very different from theirs. This may be caused by the following reasons: (i) G87 used normal points averaged by those original observations, but we used the original data; (ii) the light curve in each color was solved independently by them, while we solved both light curves in the B and V bands at the same time; and (iii) a q-search method was used by us to search for a more reliable mass ratio of the system. The contradiction between the contact configuration and a very large temperature difference between both components suggests that the solutions obtained by G87 may be not true. The present solution is also different from that derived by MN02. The difference may be caused by three reasons: (1) they used solutions obtained by G87 as a starting set of input parameters, while a q-search method for a larger range of values of q (from q = 0.3 to 0.8) was used by us; (2) in their analysis, MN02 also used normal points; and (3) the light curves obtained by MN02 are asymmetric, and a perturbed change was seen in the phase interval of 0.95 to 0.45. Therefore, they used the unperturbed part of the light curve to determine the photometric parameters of the system. However, the light curves we analyzed (obtained by G87) were symmetric, which enabled us to determine reliable photometric parameters.
Discussions and Conclusions
The symmetric light curves of DM Del published by G87 were analyzed with the 2003 version of the W-D program. As discussed in section 3, the present solution may be more reliable than those determined by G87 and MN02. Our solutions Fig. 6 . Relation between the orbital radius of the third body and the orbital inclination, and the mass and the orbital inclination for an assumed third body in DM Del.
suggest that DM Del is a near-contact semi-detached binary system. The primary is filling the critical Roche lobe, while the secondary is detached. The situation of DM Del resembles those of BL And (Zhu & Qian 2006) , BO Peg (Qian 2002) , CN And (Van Hamme et al. 2001 ), V388 Cyg (Kang et al. 2001) , TT Her (Milano et al. 1989) , FT Lup (Lipari & Sistero 1986) , and RT Scl (Hilditch & King 1987) . Thus, DM Del is another example that exists in a key evolutionary stage. With the period decrease, the system may evolve to the overcontact phase. Furthermore, according to the theory of thermal relaxation oscillations (TRO : Flannery 1976; Lucy 1976; Robertson & Eggleton 1977; Lucy & Wilson 1979) , W UMa systems must undergo oscillations around the state of marginal contact. Each oscillation comprises a contact phase followed by a semi-detached phase with a lobe-filling primary, and then a marginal contact phase with a large temperature difference. Therefore, it is possible that DM Del is just in the broken-stage predicted by TRO.
As discussed by Qian et al. (2008a Qian et al. ( , 2008b , the cyclic period changes can be more plausibly explained as a light-travel time effect via the presence of a third body (e.g., Borkovits & Hegedüs 1996) . The period of the third body orbiting around the eclipsing pair of DM Del is about 31.73 years. With the semiamplitude of the O C oscillation, the value a 0 12 sin i 0 was calculated to be 5.9 AU. Then, by using
a small mass function of f .m 3 / = 0.2 Mˇwas determined for the assumed third body. They are listed in the lower panel of table 2. MN02 published the spectra of DM Del as A2 V, and supposed the mass of primary component to be 2.51 Mˇ.
Combining with the mass ratio, q = 0.5506, obtained by us, the mass of the secondary was calculated to be 1.38 Mˇ. Taking the masses of both components, the relation between the orbital radius of the third body and the orbital inclination, and the mass and the orbital inclination for an assumed third body in DM Del are shown in figure 6 . As shown in this figure, one can see that the minimal mass of the additional body is 1.9 Mˇ. If we assume that the third body is coplanar to the orbit of the eclipsing pair (i.e., i 0 = 88: ı 22), the values of the mass and the orbital radius of the third body would be m 3 = 1.9 Mǎ nd a 3 = 12.1 AU, respectively. Also, Zasche et al. (2009) pointed out that DM Del may exist as an unseen companion with a period of about 33 years, and the minimal mass of the third body is 2 Mˇ. The mass of the third companion seems to be at least 2 solar masses from our and Zasche et al. solutions. If the third component is a compact object, it could not be a white dwarf, considering the Chandrasekhar mass limit of a white dwarf. The mass of a third component and inclination are strongly correlated. Considering the upper limit mass of a neutron, the third component is a black hole in all probability, unless the orbital inclination is very high. We used a differential value of l 3 (the luminosity of the assumed third body) to analyze the light curves by W-D code, and all of the values of l 3 (the ratio from 50% to 0%) turn out to be negative numbers. This shows that the third component is unlikely to be a mainsequence star or a binary system containing two lesser mass components, because of the lower limit mass of about 2 solar masses for no light contributed to the central system. To check the presence of a third body, spectroscopic observations are needed. Also, the .O C / 1 curve displayed in figure 1 indicates that the period of DM Del is decreasing continuously at a rate of dP =dt = 2.27 10 7 d yr 1 . This can be explained by a primary-to-secondary mass transfer. Also, our photometric solutions, that the primary is filling the critical Roche lobe and the secondary is detached, are consistent with this. We can thus draw the conclusion that a continuous decrease is more reliable than the period oscillation obtained by Zasche et al. (2009) . To further understand the properties of the variation of the light curve and the orbital period of the semi-contact binary DM Del, long-term photometric monitoring is needed.
